This study presents how the tooth whitening affects the bond strength and fracture type of three distinct adhesives -a conventional, a self-etching, and a universal adhesive -in enamel. Health bovine incisors were prepared by flattening the labial surface; part of these teeth was submitted to whitening treatment with a peroxide-based product (WhiteGold Office © 35%). The Single Bond © , AdheSE © , or Single Bond Universal © adhesive system were used to adhere a block of restorative resin to the flat surface of the teeth. Sticks measuring 10x1x1 mm were prepared and used in microtensile tests; they were also employed to examine the type of fracture. The results are analyzed with a two-way ANOVA. For both whitened and non-whitened specimens, the adhesive systems did not give statistically different bond strength values. However, the fracture shape (classified into four types) varied from a cohesive enamel type fracture for the whitened samples to a predominantly cohesive resin type fracture for the non-whitened teeth. Therefore, the whitening procedure has exerted a weakening effect on enamel even after 21 days post-treatment.
INTRODUCTION
One of the commonest problems in vital and non-vital teeth is staining or darkening. Tooth whitening therapy can improve tooth appearance once application of different concentrations of hydrogen peroxide or carbamide peroxide can promote colour changes. Hydrogen peroxide is a thermally unstable chemical agent with high oxidative power; it dissociates into free radicals and reactive oxygen species such as superoxide anion (O 2 -), hydroxyl radical (OH • ), and per-hydroxyl (OH 2 -) [1] . These radical/anions are highly reactive against the organic specimens underlying tooth staining, the so-called chromophores, which generally consist of long-chain molecules with double bonds and aromatic rings [2] .
The extensive use of adhesive materials, mainly in orthodontics and restorative dentistry, is an irreversible fate. Consequently, the lifetime durability of adhesive materials is being studied and improved year after year [3] .
Elucidating the mechanism through which bleaching agents act on tooth structure is also desirable. Some authors [4] have emphasized that reactive oxygen species and free radicals react not only with chromophores but also with any available organic molecule, which supports the hypothesis that bleaching agents also react with specimens present on the surface of the resin used in restoration or on the adhesive interface. If this interaction is truly effective, it may increase the surface roughness and make it more susceptible to adhesion and proliferation of microorganisms and to staining [5] .
Delfino and cols. [6] investigated how four home-bleaching peroxide-based agents (gels and solutions) affected discoloured enamel (bovine) microhardness. Carbamide peroxide gel at 16% (weight fraction, w/w) was the most effective whitening agent. However, the tested peroxides presented no difference in terms of microhardness, which evidenced that there was no attack on enamel. Didier and cols [7] studied how the bleaching technique has impacted the bond strength of pre-existing adhesive restorations in human tooth enamel and dentin. They used hydrogen peroxide-based whitening gels (peroxide at 7.5% w/w and 35% w/w) on commercial composite restorations. Results suggested that the total contact time of the gel -and not the peroxide concentration -influenced the bond strength.
Another study has shown that bleaching agents do not radically modify the composition of enamel or dentin, but such agents can modify the bond strength of adhesive systems by reducing the microhardness of the dental substrate [8] . Other authors have suggested that bond strength diminishes if the restorative procedure occurs immediately after tooth whitening with peroxide because the bleaching agent temporarily affects or weakens enamel or dentin surfaces [8, 9] . The whitening process underlies the morphological and chemical changes taking place in the substrate. The presence of residual oxygen in enamel and/or dentin causes incomplete or defective polymerization of the adhesives and composite resins employed during the restorative process.
The concentration of oxygen specimens on enamel/dentin surface tends to decay along time, which demands that some time elapses between the whitening and the restoration processes [5, 10, 11] . Authors have recommended allowing from 7 to 21 days interval between from bleaching therapy to the adhesive restoration process [9] .
Suppressed calcium and phosphate contents, morphological changes in enamel prismatic layer surface, and presence of residual oxygen inside the substrate (enamel and dentin) are the main reasons for defective bonding. Residual oxygen can interfere in the adhesion of composites because it inhibit polymerization. Therefore, this paper describes the experimental work devoted to evaluate the bond strength of three types of adhesive systems -conventional, self-conditioning, and universal -and the consequence of tooth bleaching with a 35% (w/w) hydrogen peroxide composition, and also the character of fracture obtained in mechanical tests, in order to elucidate if any damage is caused to the resin-enamel bond by the whitening treatment. Table 1 lists the commercial brands, chemical composition and material, manufacturers, and description of the main products used in this study. Whitegold Office 35% was used as bleaching agent. Three types adhesive system were used: (a) a conventional two-step resin (Single Bond 2, 3M), (b) a self-etching bonding system (AdheSE, IvoclarVivadent), (c) a universal adhesive (Single Bond Universal, 3M). 
MATERIALS AND METHODS

Materials
Teeth selection
The original sampling consisted of 36 selected healthy cattle incisors free of cracks and fissures. The roots of all dental elements were cut about 1 mm below the cement-enamel junction (CEJ) with a double-sided diamond disc (KG Sorensen, Ind. Com. Ltda, Barueri, Brazil). The labial surfaces wereplanned with sandpaper consisting of 180-mesh silicon carbide (SiC) fixed over an APL-4 polisher (AROTEC, São Paulo, Brazil). The procedure was carried out under permanent water cooling.
Whitening procedure.
Eighteen of the original 36 specimens were subjected to bleaching by applying the whitening gel on the teeth surface for 45 min each one of three times, considering seven days of interval between applications (total of 21 days). After each application, the specimens were washed with distilled water, stored in polyethylene tubes containing saline solution (0.9% in NaCl) and placed inside an incubator oven under controlled temperature of 37ºC for 21 days. The remaining 18 specimens were not submitted to whitening and considered to be the control group.
Restoration Process.
Based on the adhesive system, the specimens were separated into the following groups: (a)Adhesive Single Bond 2 (conventional)-unbleached and bleached enamel; (b)Adhesive AdheSE (self-etching)-unbleached and bleached enamel; (c)Single Bond Universal (Universal)-unbleached and bleached enamel. These resins were chosen because they are widely used in dental clinics (mainly in Brazil) and the brands are market leaders. The teeth submitted to bleaching were restored after a period of 21 days. The resin composite/nanoparticle blocks ( Figure 1 ) were prepared with Filtek Z350 XT, color A3 (8x4x4 mm length, width, and height), and the desired adhesive was used on the treated tooth surface. The restorative procedure was performed according to the step-by-step incremental technique, during which every 2-mm-thick layer was submitted to light curing for 20 s (LED, Radii, SDI, USA, nominal power = 1,200 mW cm -2 ). 
Microtensile bond strength evaluation.
The restored specimens were fixed on acrylic plates with sticky wax and submitted to a precision metallographic machine cut (Isomet 1000, Buehler Ltd., Lake Bluff, IL, USA), which ensured precisely sectioning. The cuts were accomplished under cooling with water, in the vestibule-lingual direction, which provided 1.0 mm thick slices (Figure 2 ). After the initial procedure, new cuts were made perpendicular to the first cut, to obtain ~10 mm longer stick-shaped samples with a square cross-sectional area of about 1mm 2 .
Each one of 18 teeth furnished 10 sticks, which resulted in total of 60 samples per adhesive type. Each stick was fixed to the microtensile device with cyanoacrylate adhesive (Super Bonder, Loctite, São Paulo, Brazil), and the set (specimen + device) was attached to a universal testing machine (EZ Test, Shimadzu Co., Kyoto, Japan). A perpendicular traction force was applied to the interface at a speed of 0.5 mm min -1 until the fracture was detected. Fracture pattern analysis. The specimens were investigated by scanning electronic microscopy (TM-3000 Hitachi High Technologies, Tokyo, Japan). This equipment had a backscattering source with two working potentials (5 and 15kV); it was coupled to an Oxford Energy Dispersive Spectrometer. Samples were directly analyzed as prepared, with no special needs like metallization or N2 freezing. The fracture shapes were classified into four general behaviours:
Type I: Adhesive -fracture in the adhesive interface Type II: Cohesive at resin -fracture in the resin; Type III: Cohesive at enamel -fracture in the substrate; Type IV: Mixed Fracture -part of the fracture in enamel and part of the fracture in the resin.
The statistical method ANOVA was used to analyze variance and also lead to a comparison between the whitening procedure and the lack of whitening procedure, among restorative materials, and among the combinations procedure + restorative material.
RESULTS
SEM images were obtained for all sticks after rupture. Figure 3A illustrates a sample of fractured stick type I (adhesive) for a whitened specimen with Single Bond 2 adhesive. Figure 3B depicts a representative fractured stick type II (cohesive at resin) for a non-whitened specimen with single Bond 2 adhesive. Figure  3C represents a sample of fractured stick type III (cohesive at enamel) with whitened Single Bond 2 adhesive. Figure 3D corresponds to a sample of fractured stick type IV (mixed) with whitened AdheSE. Experimental data of microtensile tests were submitted to a two-way ANOVA analysis at a 5% level of significance. Considering the variables whitening procedure, restorative material and combination of whitening procedure and restorative material, the bond strength values were not statistically different (p = 0.611408). From a statistical standpoint, the bond strength values of the teeth subjected to bleaching did not differ from the bond strength values of non-whitened teeth. Additionally, the adhesive systems used in this study did not affect the enamel/resin bond strength values. Table 2 summarizes the mean values of bond strength with the standard deviation for the three adhesive systems and two procedures (whitened or not whitened) used herein. 
DISCUSSION
The bond strength in whitened and non-whitened restored teeth containing different adhesive systems was here investigated after 21 days. Microtensile testing provides a measure of the bond strength of specimens of different shapes (-stick", "dumbbell", or -hourglass‖) [12] . Here, the choice of specimen shape was based on the need to measure bond strength in samples produced from a single restored tooth. Stick-shaped specimens enabled more uniform distribution of forces over a predefined joining region during microtensile tests [13] .
Self-etching adhesive systems presented lower bond strength in enamel if compared to conventional adhesives [14] . The use of self-etching adhesive eliminated the acid conditioning and removal steps and dismissed control of the residual humidity. Self-etching can improve bond strength values for enamel conditioned with phosphoric acid, as in the case of conventional systems. The tests here presented followed all manufacturer's recommendations in order to not apply acid conditioning. Application of conventional, self-etching and universal adhesives in non-whitened teeth (control samples) presented no statistically different results. The enamel flattening procedure probably reduced enamel thickness, allowing acidic monomers to penetrate in the substrate [15, 16] .
Twenty-one days after the bleaching procedure, the bond strength of the specimens, measured by microtensile tests, remained statistically unaltered as compared to the bond strength values obtained before bleaching. Borges and cols. [9] recommended using alcohol-based adhesive systems to diminish or eliminate the deleterious effects of residual oxygen on the adhesion procedure. The high volatility as well as the low viscosity of these adhesive systems should facilitate residual oxygen removal from the dental tubules, thereby improving bonding and the cure of the adhesive system. The effect exerted by alcohol is supposed the responsible to maintain the same bond strength values in non-whitened and whitened teeth in this study.
The numerical values obtained during the bond strength measurements are not enough to predict the mechanical behaviour of an adhesive system. Hence, the analysis of the surfaces of the fractured specimens has received considerable attention. Tests that allow the use of reduced cross-sectional area, such as the microtensile tests, aid complete analysis of the fractured region. Fractured surfaces contain important information regarding the integrity of the structures involved in the bond interface [17] .
Enamel exposed to whitening agents can undergo mild to moderate morphological surface changes, including increased porosity, reduced hardness, loss of mineral content and modification to prismatic shape, resulting in an over-conditioned enamel appearance [18, 19] . Thus, bleaching could affect the dental substrate. Application of different whitening techniques in restored teeth may represent another risk: it can weaken the bond at the tooth-restoration interface [20, 21] .
Although the bond strength values obtained here did not differ significantly, a different response emerged upon evaluation of the fracture pattern between whitened and non-whitened specimens. Fractures type II (cohesive at resin) and IV (mixed) predominated in non-whitened samples, whereas fractures type I (adhesive) and III (cohesive at enamel) prevailed after whitening treatment. Therefore, the adhesive interface was more effective than the cohesive strength of enamel and could support phenomena linked to changes in the composition and morphology at the enamel surface. Dominguette and cols. [22] reported that bleaching agents can reduce the microhardness of restorative materials and mineralized tissues of the teeth, thereby increasing microleakage in restoration resins and changing the surface morphology of enamel and dentin, ultimately affecting the bond strength of resin restorations.
Some studies have concluded that application of adhesive immediately after whitening therapy -in the presence of peroxide compounds -may impair bond strength [8, 9] . Nonetheless, experimental results here presented showed that bleaching did not influence the bond strength values significantly.
In fact, changes in enamel morphology and chemical composition have been reported as one reason for reduced bond strength in restorations after whitening [5, 10, 23] recommended waiting between seven and twenty-one days to apply adhesive restorations after bleaching.
Even though the adhesive processes were applied 21 days after bleaching, the whitening procedure clearly changed the fracture pattern in the substrate. Therefore, the 21 days of waiting might not be enough for minerals on the enamel surface to recover completely or at least to return to a condition close to the original condition. This may bring consequences for the mechanical behaviour of the enamel surface. Our results probably stem from the bond strength weakening effect elicited by changes in fracture type; they suggest the substrate becomes more fragile after bleaching. Restoration lifetime and bond strength maintenance have motivated companies and dentists to conduct research into this issue.
CONCLUSION
This paper presented the influence of the conventional bleaching/whitening teeth treatment over the bond junction resin-enamel for three different types of resin: conventional, a self-etching, and a universal adhesive, using mechanical bond strengths need to fracture the sticks samples and the classification of theses fracture types. The bond strength results of the tested adhesive systems showed to be very similar for both the whitened and non-whitened teeth, with no statistical difference, leading to reinforce the hypothesis the whitening therapy did not affect the studied resins, although bonding procedure was carried out 21 days after. On the other hand, the analysis of fracture type revealed the affects in morphology of the enamel resulting in change of fracture type, where cohesive at resin and mixed types prevailed in non-whitened samples. Adhesive and cohesive at enamel types prevailed in samples submitted to whitening treatment.
